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PURPOSE: To evalute a crystal defect In a silicon film, that is, a stacking fault, a dislocation and a fine defect, without 
depending on a crystal face. 

CONSTITUTION: A selective etching liquid consists of the mixed solution of a nitric acid (HN03), an acetic acid 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



I This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A nitric acid, an acetic acid, water, and the selection etching reagent that consists of mixed liquor of fluoric acid. 
[Claim 2] the presentation ratio of mixed liquor - a capacity factor - nitric-acid: - acetic-acid: - water: — the selection etching 
reagent of the semi-conductor substrate according to claim 1 whose nitric-acid presentation of said nitric acid it is fluoric acid 
=X:3: 1 : 1 and is within the limits of 6-12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the selection etching reagent used for evaluating the crystal defect of a semi- 
conductor substrate, for example, silicon, i.e., a stacking fault, and a rearrangement and a minute defect. 
[0002] 

[Description of the Prior Art] Reduction of the crystal defect of a semi-conductor substrate is called for with quality improvement of a 
semiconductor device, densification, high integration, and diameter[ of macrostomia ]-izing of a wafer. The crystal defect of a semi- 
conductor substrate has a thing accompanying crystal growth, and the thing induction is carried out [ a thing ] by the process. For 
example, the thermal stress rearrangement generated by heat treatment, a stacking fault, the secondary defect by the ion implantation, 
etc. are them. It works as generation of a carrier, and a recombination center, and these crystal defects reduce remarkably the life of the 
minority carrier in the inside of a device, and cause leakage current. Moreover, a stacking fault and a rearrangement tend to serve as a 
deposit site of heavy metal or oxygen. 

[0003] using conventionally the selection etching reagent which observes the crystal defect of a semi-conductor substrate, for example, 
a silicon substrate, em light work "journal OBU electrochemical society" 1977 The 124th volume It is shown in the 756th page 
(M. Wright: J.Electrochem.Soc, 124, and 756 (1977)). This selection etching reagent is called light (Wright) liquid, and consists of a 
powerful oxidizer like chrome oxide (Cr03), a buffer like water (H20) or an acetic acid (CH3COOH), and fluoric acid (HF). 
[0004] This selection etching reagent oxidizes and dissolves this oxide (Si02) by HF continuously in a silicon front face with a 
powerful oxidizer like Cr03 first. It is because the oxidation rates of the silicon in a defective field and other perfect fields differ that a 
defect is etched alternatively. Usually, in a defective part, oxidizing velocity is quick, and a defective part serves as a concave and is 
called an etch pit. Therefore, the crystal defect of a semi-conductor substrate can be evaluated by observing this etch pit. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional selection etching reagent, it had the fault of 
the crystal-face bearing dependency of the defective detection sensitivity by the crystal defect kind having been large, and being hard 
to evaluate the crystal defect generated in each crystal face with the same selection etching reagent correctly. 

[0006] This invention does not solve the above-mentioned conventional trouble, and aims at offering the approach that it cannot call at 

the crystal face but the crystal defect of silicon, i.e., a stacking fault, a rearrangement, and a minute defect can be evaluated. 

[0007] 

[Means for Solving the Problem] In order to attain this purpose, it is constituted from a nitric acid, an acetic acid, water, and the mixed 
liquor of fluoric acid by the selection etching reagent of this invention. 

[0008] Moreover, the presentation ratio of said mixed liquor is nitric-acid:acetic-acid: water: fluoric acid =X:3:1:1 in a capacity factor, 
and the presentation of a nitric acid is within the limits of 6-12 (however, when the concentration of 50% and a nitric acid is [ the 
concentration of 61% and an acetic acid ] 99% for the concentration of fluoric acid). 
[0009] 

[Function] By this configuration, the crystal-face bearing dependency of the defective detection sensitivity by the crystal defect kind 
can be lessened. Moreover, this selection etching reagent oxidizes and dissolves this oxide (Si02) by fluoric acid (HF) continuously in 
a silicon (Si) front face with a powerful oxidizer called a nitric acid (HN03) first. Water (H20) and an acetic acid (CH3COOH) work 
as a buffer, and control the etch rate of silicon here. 

[001 0] It is because the oxidation rates of the silicon of a defective field and other perfect fields differ that a defect is etched 
alternatively. Usually, in a defective part, oxidizing velocity is quick, a defective part serves as a concave and an etch pit is formed. 
Observing this with an optical microscope or a scanning electron microscope can estimate the crystal defect of a semi-conductor 
substrate. 
[001 1] 

[Example] As a property required of a selection etching reagent, selectivity with that it is easy to control an etch rate, that it is 
applicable to the crystal face of all semi-conductor substrates, and a crystal defect is large, and is that harmful matter, such as that the 
crystal defect of every class is detectable and 6 ** Cr, is not included. 

[001 2] Hereafter, the example of the selection etching reagent of this invention is explained, referring to a drawing. Drawing 1 is 
drawing showing the HN03 capacity- factor dependency of the etch rate of a silicon substrate of this example. Here, the selection 
etching reagent mixed and produced the reagent of HF (50% of concentration), HN03 (61% of concentration), and CH3COOH (99% 
of concentration), and H20 (ultrapure water). A presentation ratio is HN03(61 %):CH3COOH(99%):H2 O:HF(50%) =X:3:I:1, and the 
presentation X of HN03 was changed with 3, 6, 9, 12, and 15. Silicon substrates are P type (100) and 10-15ohms of specific resistance 
cm. Solution temperature is 25 degrees C. 

[001 3] If HN03 capacity factor is made to increase as shown in drawing 1 , the etch rate of a silicon substrate will increase. By 
changing HN03 capacity factor, the etch rate of a selection etching reagent is easily controllable. 

[0014] Moreover, HN03 capacity factor can obtain an etch rate equivalent to a Wright reagent from drawing 1 in 55 - 70% of range 
(HN03 presentation is the range of.6-12). 

[0015] Next, the defective detection sensitivity comparison about the rearrangement on the field (100) of the selection etching reagent 
and Wright reagent of this invention is shown in drawing 2 . Here, the selection etching reagent mixed and produced the reagent of HF 
(50% of concentration), HN03 (61% of concentration), and CH3COOH (99% of concentration), and H20 (ultrapure water). A 
presentation ratio is HN03(61%):CH3COOH(99%):H2 O:HF(50%) =X:3:1:1, and changed the presentation X of HN03 with 6, 9, 12, 
and 15. 
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[0016] The defective detection sensitivity comparison about the rearrangement on the field (100) of a Wright reagent and this selection 
etching reagent was performed. A sample is etched and an etch pit consistency is measured with an optical microscope so that 
cleavage of the same sample may be carried out to two and the amount of etching may become equal. Although a difference arises in 
an etch pit consistency since a difference is in the defect density which is latent by the sample, this selection etching reagent has 
defective detection sensitivity equivalent to a Wright reagent to the rearrangement on a field (100). Moreover, defective detection 
sensitivity is not dependent on HN03 capacity factor. 

[0017] Next, the defective detection sensitivity comparison about the bulk stacking fault on the field (1 10) of this selection etching 
reagent and a Wright reagent is shown in drawi ng 3 . Here, the selection etching reagent mixed and produced the reagent of HF (50% 
of concentration), HN03 (61% of concentration), and CH3COOH (99% of concentration), and H20 (ultrapure water). A presentation 
ratio is HN03(61% of concentration):CH3COOH(99% of concentration):H2 O:HF(50% of concentration) =OC:3:l:l, and changed the 
presentation X of HN03 with 6, 9, 1 2, and 1 5. 

[001 8] The defective detection sensitivity comparison about the bulk stacking fault on the field (1 10) of a Wright reagent and this 
selection etching reagent etched the sample, and was performed by measuring an etch pit consistency with an optical microscope so 
that the amount of etching might become equal about a single sample. 

[0019] Drawing 3 shows that this selection etching reagent has the defective detection sensitivity in 55 - 70% of range (HN03 
presentation is the range of 6-12) with HN03 capacity factor higher than a Wright reagent to the bulk stacking fault on a field (110). 
[0020] Next, the defective detection sensitivity comparison about the bulk minute defect (BMD) on the field (1 10) of this selection 
etching reagent and a Wright reagent is shown in drawing 4 . Here, the selection etching reagent mixed and produced the reagent of 
HF (50% of concentration), HN03 (61% of concentration), and CH3COOH (99% of concentration), and H20 (ultrapure water). A 
presentation ratio is HN03(61%):CH3COOH(99%):H2 O:HF(50%) =X:3:1:1, and changed the presentation X of HN03 with 6, 9, 12, 
and 15. 

[002 1 ] The defective detection sensitivity comparison about the bulk minute defect (BMD) of a Wright reagent and this selection 
etching reagent etched the sample, and was performed by measuring an etch pit consistency with an optical microscope so that the 
amount of etching might become equal about a single sample. 

[0022] From drawing 4 , this selection etching reagent has the defective detection sensitivity in 55 - 70% of range (HN03 presentation 
is the range of 6-12) with HN03 capacity factor higher than a Wright reagent to the minute defect (BMD) on a field (110). 
[0023] Moreover, also in the case of the crystal defect on a field (111) etc., this selection etching reagent is applicable. 
[0024] 

[Effect of the Invention] This invention cannot call at the crystal face, but can evaluate the crystal defect of silicon, i.e., a stacking 
fault, a rearrangement, and a minute defect. Especially, about evaluation of the upper (110) stacking fault and a minute defect, from 
the conventional selection etching reagent, defective selectivity is excellent and it is suitable for evaluation of a wafer, and observation 
of a process induction crystal defect. Moreover, the crystal defect part of a semi-conductor substrate can be identified easily, and 
detailed observation of a rejected region is enabled. The cause of a defect can be quickly fed back to a semiconductor device 
production process or a semiconductor device development process, and the effectiveness to yield stability or early development of a 
semiconductor device can be expected. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the relation between the nitric-acid (HN03) capacity factor in the 

selection etching reagent of this invention, and the etch rate of a silicon substrate 

[Drawing 2] Drawing showing the defective detection sensitivity comparison about the 

rearrangement of the selection etching reagent and Wright reagent of this invention 

[Drawing 3] Drawing showing the defective detection sensitivity comparison about the bulk stacking 

fault of the selection etching reagent and Wright reagent of this invention 

[Drawing 4] Drawing showing the defective detection sensitivity comparison about the bulk minute 
defect (BMD) of the selection etching reagent and Wright reagent of this invention 
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DRAWINGS 



[Draw ing 1] 
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